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PROJECT ABSTRACT: 
describes an integrated research and training program, carried out as 
part of a comprehensive research program in molecular biology in pro- 
gress at the new research facility for high resolution electron micro- 
scopy. 
' This research proposal for  the news1 of NASA Grant N& 441-63 
' .  
' ,  ' In addition to our plans for the continued organization and 
construction of the special electron microscope laboratories with clean 
room facilities, our proposed technical program comprises the following * 2 
" 
I 
( 3 )  Comprehensive work in experiments with electron microscopy using 
high-field superconducting solenoid lenses will be continued and ex- 
tended. Our proposed rogram includes the following major instrwnenta- 5s  
tion improvements: 
Vernier control circuits and improved pole pieces for high resolution. 
superconducting electron microscopy at liquid helium temperatures , in 
collaboration with Westinghouse Electric Cryogenics Division; (2) u- 
proved liquid helium Dewar for cryogenic electron microscopes; ( 3 )  an 
ADL cRYODYNE-( R) helium liquifier for supplying the cryogenic refrigera- 
tion required to cool a superconducting device, in collaboration with 
A.D. Little Company; (4) an improved Schottky-type electron gun with 
single crystal pointed filaments. 
(4) In addition to this instrumentation work, we intend to continue 
intensive development work on improvement of preparation techniques. 
T h i s  work will be applied to continue the correlated electron microscopio 
and biochemical investigations of mitochondria, isolated mitochondrial 
membranes!, and associated enzyme and multienzyme complexes. Smlar 
integrated studies on related membrane derivative8 in red blood cells, 
hemocyanins, photoreceptOP8, chloroplasts, myelin, and erythrocytes 
will a180 be continued, 
(17 superconducting lenses with special current 
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and 
ou r  
Following the program s e t  f o r t h  i n  ou r  r e sea rch  proposal ,  
as described i n  the enclosed r e p o r t s ,  r e p r i n t s ,  and p r e p r i n t s ,  
e f f o r t s  during the past y e a r  have centered on: 
I 
I I. S p e c i f i c  Research Program. 
A. Continued development work on improvem n t  of 131 p a r a t i o n  
techniques and instrumentat ion f b r  high r e s o l h i o n  
e l e c t r o n  microscopy, inc luding  further a p p l i c a t i o n  of 
low-temperature methods, and the  design of new types o f  , 
high r e s o l u t i o n  "cryoelectron microscopes" immersed i n  
l iquid helium c r y o s t a t ,  using superconducting e l e c t r o -  I 
magnetic l e n s e s  and image i n t e n s i f i e r s  with e l e c t r o n i c  4 1  
' , )  
I read-out .  * ,  
I ' 1. The key r o l e  played by c e l l  membranes and  the i r  
d e r i v a t i v e s  has become inc reas ing ly  apparent ,  t hus  
making d e t a i l e d  e luc ida t ion  of the molecular organ- 
i z a t i o n  of c e l l  membranes one of the most cha l lenging  
problems of contemporary biomedical research .  The 
shortcomings of  our present  prepara t ion  techniques are , 
p a r t i c u l a r l y  c e n t r a l  problems now that  modern e l e c t r o n  + 
microscopes cons i s t en t ly  achieve r e s o l u t i o n s  of t h e .  ' 
orde r  of 5 t o  10 8 and are thus  i n h e r e n t l y  capable of I 
d i r e c t l y  v i sua l i z ing  molecular s t r u c t u r e s  i n  the 
s i z e  range of key enzymes i n  nuc lea r  p r o t e i n s .  
i n t e n s i v e  development and a p p l i c a t i o n  of  improved 
ins t rumenta t ion  f o r  high r e s o l u t i o n  e l e c t r o n  microscopy. 
By us ing  the fu l l  reso lv ing  power of modern microscopes, 
and with the improved p repa ra t ion  techniques made 
a v a i l a b l e ,  t h e  commonly accepted b i o l o g i c a l  a p p l i c a t i o n s  
of e l e c t r o n  microscopy can be  considerably extended. 
High r e s o l u t i o n  e l ec t ron  microscopy has thus become a 
va luab le  a n a l y t i c a l  t o o l  uniquely suited f o r  direct  
v i s u a l i z a t i o n  of macromolecular structures i n  the dried 
o r  native hydrated states. Thus, i n v e s t i g a t o r s  are 
2. Another of our major e f f o r t s  has centered on 
1 
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provided w i t h  reproducible data under con t ro l l ed  
experimental  cond i t ions  which can p r o f i t a b l y  supplement 
the r e s u l t s  o f  parallel  b iophys ica l  and biochemical 
, i n v e s t i g a t i o n s .  
a. One of t he  p r i n c i p a l  areas of  our  ins t rumenta t ion  
work i s  t h e  comprehensive experimentation and 
development o f  e l e c t r o n  microscopy us ing  high f i e l d  
superconducting solenoid lenses. Already, the 
reso lv ing  power of the e l e c t r o n  microscope has 
extended t h e  range of d i r e c t  v i s u a l i z a t i o n  t o  
s t r u c t u r a l  d e t a i l s  of the o r d e r  of a few Angstroms. 
Considering the numerous complex i n s t r u m e n t a l  and 
I prepa ra t ive  f a c t o r s  involved,  t h e  main steps t o  b e  
taken  for attainment of the  u l t i m a t e  t h e o r e t i c a l  
r e s o l u t i o n  (about 2 a> are co r rec t ion  o f  l e n s  
a b e r r a t i o n s  (main ly  s p h e r i c a l  and chromatic 
a b e r r a t i o n s ) ,  s t a b i l i z a t i o n  of' the l e n s  e x c i t a t i o n  
c u r r e n t ,  and a c c e l e r a t i n g  of vol tage .  It .has been , 
demonstrated that  opera t ion  of superconducting 
so lenoid ,  s h o r t  - c i r c u i t e d ,  or " i n  t h e  p e r s i s t e n t  
cu r ren t  mode," y i e l d s  l a r g e  uniform magnetic f ie lds  
which a r e  igh ly  homogeneous t o  b e t t e r  than one 
part i n  1 2 t o  107 and a r e  highly s table  and 
no i se - f r  >e under appropr i a t e ly  c o n t r o l l e d  
condi t ioi  7 .  
Based on previous work i n  low-temperature e l e c t r o n  
microscopy, prel iminary experiments have been 
microscope wnich can be used f o r  t ransmission 
e l e c t r o n  microscopy and  e l e c t r o n  d i f f r a c t i o n ,  u s ing  
high-field superconducting so lenoid  lenses i n  an  
open-air core,  l i q u i d  helium Dewar, p re fe rab ly  
ope ra t ing  i n  the p e r s i s t e n t  current mode. These 
preliminary experiments demonstrated the excep t iona l  
r, 
success fu l ly  c a r r i e d  out w i t h  a simple e lec t rcn  
I s t a b i l i t y  and  high q u a l i t y  o f  the images at  
. magnif icat ions of 50 t o  100 times. Fur ther  
" I 
experiments have been c a r r i e d  out  w i t h  var ious  
types  of e lec t ron  microscypes us ing  high-field 
superconducting solenoid lenses and a c c e l e r a t i n g  
vol tages  of  50,000 v o l t s .  The r e s u l t s  obtained 
with t h e s e  experiments are provid ing  essential  
data f o r  the design of  new types  of  min ia tur ized  
e l e c t r o n  microscopes immersed i n  a l i q u i d  helium 
c r y o s t a t .  The combination o f  optimized 
%ins t rumen ta l  des ign  parameters ope ra t ive  under 
condi t ions  of minimized specimen pe r tu rba t ion  
r ep resen t s  one of  the most promising coherent 
experimental  approaches towards attainment of the 
theoretical re so lu t ion  l i m i t  i n  d i rect  examination 
of organic  and b i o l o g i c a l  structures. We have been 
* -  2 - 
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1 a b l e  t o  confirm t h e  r e s u l t s  and demonstrate the long-term s t a b i l i t y  of  the h igh  r e s o l u t i o n  images 
obtained wi th  e l e c t r o n  microscopes us ing  super-  
conducting solenoid lenses. 
f 
I I' 4 
By further development o f  the concepts embodied 
i n  our  cryo-f ixat ion techniques,  i t  has been 
p o s s i b l e  t o  design a new type  of  minia tur ized  high- 
r e so lu t ion  e l ec t ron  microscope totally immersed i n  
liquid helium, which makes use of  completely stable 
superconducting lenses, improved s i n g l e  c r y s t a l  
pointed f i l a m e n t s  and o t h e r  d i s t i n c t i v e  features. 
These "cryoelectron microscopes , opera t ing  at 
temperatures o f  1 t o  4 degrees Kelvin,  would 
embody t h e  following s i g n i f i c a n t  f e a t u r e s :  1) highly 
stable superconducting electro-magnetic lenses,  
with r ipp le - f r ee  magnet ic  f i e l d s  of a p e r s i s t e n t  
cur ren t  i n  t h e  optimum case; 2) opera t ion  i n  u l t r a -  
high vacuum and low temperatures r e s u l t i n g  i n  
dec i s ive  advantages of minimized specimen contam- 
i n a t i o n ,  specimen damage and thermal noise;  
3 )  optimum condi t ions f o r  b o t h  low vol tage  ( i . e .  10 
t o  100 kV)  a n d  high vol tage  e l e c t r o n  microscopy. 
I n  add i t ion ,  t h e  use  of h igh-ef f ic iency  image viewing 
at  optimum low temperatures would make i t  p o s s i b l e  
t o  use high-speed cinematography and  s t roboscopic  
recording ( e , g .  obtained through pulsed T-F emission 
from pointed f i l a m e n t s )  f o r  a t t a i n m e n t  of high 
temporal r e so lu t ion  combined w i t h  high spatial 
r e s o l u t i o n .  I n  p r i n c i p l e ,  such a cryo-electron 
niicroscope w i l l  a l s o  be an  ideal  device f o r  
con t ro l l ed  app l i ca t ion  of e l ec t ron  microbeams 
(52, i o  5ZrO 8 diameter) of p r e c i s e l y  def ined i n t e n s i t y  
and dura t ion  f o r  u l t r a m i n i a t u r i z a t i o n ,  s t o r a g e  of 
information,and i n  genera l  f o r  con t ro l l ed  i r r ad ia t ion  
and manipulation of  m i n i m u m  pe r tu rba t ion .  The 
descr ibed combination of optimized i n s t r u m e n t a l  
design parameters ope ra t ive  under condi t ions  of 
minimized specimen pe r tu rba t ion  r ep resen t s  one o f  
the  most promising coherent experimental  approaches- 
towards a t t a i n m e n t  of the t h e o r e t i c a l  r e s o l u t i o n  
l i m i t  (about 28) i n  d i r e c t  examination of  organic  
and b i o l o g i c a l  s t r u c t u r e s .  P l a n s  are now underway 
f o r  bu i ld ing  a s p e c i a l  v ib ra t ion - f r ee  room f o r  
i n s t a l l a t i o n  of the new "cryoelectron microscope." 
This  f a c i l i t y  with i t s  10-ton f l o a t i n g  foundation f o r  
e l imina t ion  of ambient  v i b r a t i o n s  should make it  
poss ib l e  t o  explo i t  the unique s t a b i l i t y  of super-  
conducting lenses ope ra t ing  I n  t he  p e r s i s t e n t  cu r ren t  
mode for long-term exposures of the  o r d e r  of minutes 
t;o hours,  Instead of the cu r ren t  5 t o  15 second 
exposures 
?! 
I 
I '  
1 i d  
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C .  Development work has continued on a n  improved 1 I 
! Schottky-type e l e c t r o n  gun wi th  s i n g l e  c r y s t a l  pointed f i l a m e n t s .  We have been able t o  s u b s t a n t i a l l y  
i n c r e a s e  the s p e c i f i c  i n t e n s i t y  of the source and 
the  t r ansve r se  coherence l e n g t h  by changing the gun 
f o r  t h e  cathode and anode shields.  A s  a result  of I 
these two improvements, i t  has been p o s s i b l e  f o r  
the first t e t o  ob ta in  poin t  r e s o l u t i o n  of the 
h 
d, of l a b i l e  components, such as sodium c h l o r i d e ,  of 
number of  s tud ie s  which have i s sued  from t h i s  
l abora to ry .  
6 
configurat ions and using metals, such as molybdenum, I 
f, 
the o rde r  o f  2.88. The poin t  r e s o l u t i o n  and the $ 
enhanced cont ras t  have been of great use  i n  a 7, 
f 
6 
fi 
. E '  
i 
I 
I 
orde r  of 2.8 3 and c r y s t a l l i n e  l a t t i c e  r e s o l u t i o n  
I i' 
B. Correlated e l e c t r o n  microscopic and biochemical i n v e s t i g a t i o n s  
were c a r r i e d  out  on mitochondrial  membranes, membrane 
d e r i v a t i v e s ,  hemocyanins, and on a s soc ia t ed  enzyme and 
multienzyme complexes. 
:, 
1. Research of  mitochondrial  membranes has continued 
j o i n t l y  with D r .  David Green and h i s  a s s o c i a t e s  of  the 
Universi ty  of Wisconsin. Improved p repa ra t ion  techniques 
were appl ied t o  these sys temat ic  i n v e s t i g a t i o n s ,  i n  which 
e l ec t ron  microscopy proved t o  be e s s e n t i a l  since the 
mitochondrial  membranes are e s p e c i a l l y  s u i t e d  f o r  d i r e c t ,  
examination by negative s t a i n i n g  and o t h e r  pcepara t ion  
procedures.  
I whole range of r ep resen ta t ive  hemocyanin and apohemocyanin I 
s t r u c t u r e s  from d i f f e r e n t  b i o l o g i c a l  o r i g i n s .  T h i s  work I, 
i s  repor ted  i n  two subsequent papers .  1 r 
I? 
2. I n  co l l abora t ion  with our v i s i t i n g  research  fellow: 
D r .  E r n s t  F. J.  van Bruggen, s t u d i e s  were made on t h e  
I'. 
4 
a .  I n  the f irst  paper "Macromolecular organiza t ion  o f  
hemocyanins and apohemocyanins as revealed by e l e c t r o n  
microscopy'' comparative high r e s o l u t i o n  e l e c t r o n  
r e p r e s e n t a t i v e  hemocyanins and apohemocyanins from 
Mollusca and Arthropoda are  descr ibed .  Mollusca 
3408, height  ranging from 140% t o  6808) b u i l t  up from 
3 t o  1 2  rows of s u b u n i t s .  Arthropoda hemocyanins a r e  
microscopic s t u d i e s  of t he  s t r u c t u r a l  o rganiza t ion  of  I 
hem cyanins are  c y l i n d r i c a l  molecules (diameter about i 
b u i l t  from a cubic  monomer (1058) i n  var ious  s t a g e s  of  
Organization which is  gpecies  dependent. Mollusca L' hemocyanins are d i s t i n c t l y  d i f f e r e n t  from Arthropoda 
hemocyanins, although they  seem t o  be  b u i l t  from ' /  
analogous subun i t s .  New structural  detai ls  observed I ,  
close to the quaternary l e v e l s  are discussed i n  r e l a t ion  
!* 
I 
! 
I.: 
4 
! 
t 
> 
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i 
. t o  a v a i l a b l e  biochemical and b iophys ica l  data on these L 
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h igh ly  organized macromolecular complexes. 
The second paper "Reassociation of Hemocyanins from 
reassociation r eac t ions  of hemocyanin mixtures  were 
s tud ied  by e l e c t r o n  microscopy. The experiments were i 
done r e s p e c t i v e l y  with a mixture of  Helix pomatia and 
Mollusc'- with  a mixture Helix omatia (a Mollueo) 
and Limulus polyphemus ( a n  A r - o ' m c y a n i n s  . 
r eas soc ia t ion  many o f  the  o r i g i n a l  molecular structures 
are observed toge ther  with a c e r t a i n  amount of smaller 
and  i r r e g u l a r l y  aggregated material. The importance of 
these s p e c i f i c  r eas soc ia t ion  r e a c t i o n s  between hemocyanin 
subun i t s  from d i f f e r e n t  c l a s s e s  and from d i f f e r e n t  
phylums i s  discussed.  
b . 
' 1  / I  Subunit Mixtures" descr ibes  how the d i s s o c i a t i o n  and i/ 
I I f  
. I I  
1 :  
' Loligo p e a l e i  hemocyanin (bo th  belonging t o  phylum I '  
After 
(, 
I n  co l l abora t ion  w i t h  D r .  Robert Haselkorn and h i s  P 
a s s o c i a t e s ,  s t u d i e s  were begun on ribosomal p recu r so r s ,  [' 
RNA polymerase, and  r e l a t e d  enzymes. T h i s  work w i l l  be  
repor ted  i n  3 subsequent papers which are now i n  p repa ra t ion .  
a. The first paper "Methionine S ta rva t ion  P a r t i c l e s  from 
Escherichia  c o l i "  r epor t s  on the e l e c t r o n  microscopical  
examination of r ibonucleoprotein par t ic les  that 
accumulate i n  E. c o l i  K 1 2  w6 when s t a rved  f o r  methionine. ,  
They appear to-be heterogeneous; without well-defined 
subs t ruc tu re .  Well-defined p a r t i c l e s ,  probably RNA 
polymerase, a r e  a major contaminant of the p repa ra t ions .  
b .  The second paper "Physical Propert ies  of  a DNA dependent 
A L I y A  I urylllclCLUC ulll 5. coli" i-epoiits that  iiigh r e s o i u t i o n  
e l e c t r o n  micrographs of  - -  E. c o l i  RNA Polymerase, r e l a t i v e l y  
f r e e  of nuc le i c  a c i d  have been obta ined .  The 18s and 25s 
species of polymerase appear t o  b e  one and two hexagonal 
s t r u c t u r e  i s  a l s o  observed. 
c . The t h i r d  paper "Electron Microscopic and Biochemical 
Charac te r iza t ion  of Frac t ion  I Ppotein" r e p o r t s  that  
high r e s o l u t i o n  e l ec t ron  micrographs of  F rac t ion  I 
p r o t e i n  from Chinese cabbage leaves  have been  obtained.  
The p r o t e i n ,  which has  r i b u l o s e  1, 5-diphosphate 
carboxylase a c t i v i t y  appears t o  be a cube with a n  edge 
of about 1208. Substructure  can be  seen i n  i n d i v i d u a l  
p a r t i c l e s ,  cons is ten t  wi th  a model having 24 subun i t s ,  
the  number prescr ibed by the a v a i l a b l e  phys i ca l  and 
chemical data. 
I' ' 
: 
D h T A  Drrl -e. - A  0--- 
t i  
d i s c s ,  r e spec t ive ly .  A smal le r ,  f o u r  subuni t  square ! 
, , ' I  " I1 I 
4. J o i n t  1 1  
complex wi th  D r .  L e s t e r  Reed of the Univers i ty  of Texas. F 
The resul ts  of t h i s  work w i l l  be  repor ted  i n  a p u b l i c a t i o n  f;,: 
at a later date. i !  I t  
studies are being c a r r i e d  out on the KGDC multienzyme 
I 
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A l b e r t  E i n s t e i n  College of Medicine,  New York, w e  are .. 
carrying out i nves t iga t ions  of  RNA polymerase c r y s t a l s .  1 
i 5. I n  co l l abora t ion  with Dr. Jerard Hurwitz of the 
These s t u d i e s  have y i e lded  i n t e r e s t i n g  preliminary .i 
r e s u l t s  which w i l l  b e  descr ibed a t  a l a t e r  date. 
11. Complecion of Organization, Tes t ing ,  and Operation of  the 
Elec t ron  Microscope Laborator ies  and  Adjacent Laboratoi3.es 
(Rooms 2O3B, 205, 207) for the Proposed Research Program. 
A. With funds provided by g r a n t  AT (11-1 1344 from the 
National  Aeronautics and Space Administration, by 
g ran t  USPHS MED RES 943 from the Nat ional  In s t i t u t e s  of 
Health, and by funds  from The Univers i ty  of Chicago, 
i nc lud ing  Otho Sprague I n s t i t u t e  and L. Block funds,  the 
fol lowing a l t e r a t i o n s  and a d d i t i o n s  were made i n  the 
Adjacent Labora tor ies  (Rooms 2O3B, 205, 207) : 
1. Room 2O3B (230 sq, f t . )  
Atomic Energy Commission, g ran t  N s G  4 1 1-63 from the 
a.  Preparat ion of room for s t o r a g e  of specimens, 
equipment, and  l abora to ry  appara tus .  
b. I n s t a l l a t i o n  of  Harris Cascade Ref r ige ra t ion  
B io log ica l  Storage Machine which ope ra t e s  at 
temperatures  as low as -12ooc, 
2. Room 205 (230 sq. f t . )  
a. I n s t a l l a t i o n  o f  Siemens Elmiskop EM-I1 with 
b . I n s t a l l a t i o n  o f  darkroom equipment t o  expedite 
development of p l a t e s  t aken  during experiments 
i n  t h i s  room. 
' I  a c c e s s o r i e s .  
I 
) 
1 4 ,  
! I '  
I i 
c.  Pbeparation of room as s i t e  of superconducting 
experiments . 
i 
t.. 
' I  e 1 )  ,*< 
3. Room 207 (460 sq. f t . )  
a. I n s t a l l a t i o n  o f  X-Ray d i f f r a c t i o n  u n i t  with 
b. Development and i n s t a l l a t i o n  of 2 vacuum pumping 
Kratky Camera. -7 
(at a rate of 912 plates  per 2 hours , a l s o  with 
u n i t s  used t o  pre-pump photographic lates 
capac i ty  t o  pre-pump 70mm fi lm and camera. The 
. e f f i c i e n c y  of these pumps i s  such that it reduces 
working time by s e v e r a l  hours .  P l a t e s ,  f i l m ,  and 
camera were previously pre-pumped i n  the microscope 
i tself  which Involves a much longer  time. 
1, 
I i  
PI 
1 
I /I 
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4. Clean  Room Laboratory E - I 1 1  
a. Construction o f  s p e c i a l  l abo ra to ry  i n  Room P-111, 
adjacent t o  darkroom t o  house Hi tachi  Perkin-Elmer 
microscope a n d  accesso r i e s .  
b . I n s t a l l a t i o n  o f  High Perfvxmance Hitachi Perkin- 
Elmer E l e c t r o n  Microscope and a c c e s s o r i e s ,  i nc lud ing  
Double Condenser Lens, E lec t ron  D i f f r a c t i o n  
Chamber, Hot and Cold Stages  and Image Intensification 
System. 
L i s t  of Pub l i ca t ions  f o r  1965-1966 (6 copies  of each are 
Included wi th  t h i s  report  and renewal a p p l i c a t i o n )  
. I  
1. H. Fernhdez-Mor&, B io log ica l  Systems as Formed by i 
Water. Summation a n d  General Discussion,  i n  Proceedin s 
I 
i 
of the New York Academy of Sciences,  October 5-8, 196 t . 
2. H. Ferngndez-Mor&, Electron Microscopy w i t h  High-Field I 
Superconducting Solenoid Lenses ,  i n  Proceedings of the i 
i 
t 
3. H. Fern&dez-Mor&, Application of High-Field t 
i 
I ! 
i 
National  Academy of Sciences,  V o l .  - 53,  No. 2, pp. 445-451, 
February, 1965. i 
Superconducting Solenoid Lenses i n  Elec t ron  Microscopy. 
Abstract  i n  Science,  V o l .  - 147, p.  665, May 1965. 
J. of  Mol. Biol. f o r  pub l i ca t ion  i n  1966. I 
/ / [ 
i 
Apohemocyanins as Revealed by Elec t ron  Microscopy, I 
i. 
t 
i 
I 
I 
1 4. E.F.J. van Bruggen and H. Ferngndez-Mor&, Reassociat ion 
o f  Hemocyanins from Subunit Mixtures,  submitted t o  t h e  
5. Fernandez-Moran and E , F . J .  van Bruggen and  M.  Ohtsuki, 
Macromolecular Organization of Hemocyanins and 
Submitted t o  t h e  5. of Mol. B i o l .  f o r  pub l i ca t ion  i n  1966 . 
A.J.E. C o l v i l l ,  E.F.J .  van Bruggen, and H. Feindndez-Mor&, 
Phys ica l  P rope r t i e s  of a DNA Dependent RNA Polymerase f T o q t , ,  
E. c o l i ,  prepared i n  the Department of Biophysics,  
rne-versity of Chicago, September, / 1965. 
R.  Haselkorn, Methionine S t a r v a t i o n  P&,rticles from 
’ 
6. 
‘ i  
1 
7.  H. Manor, E.F.J. van Bruggen, H. Ferndndez-Mor&, [ 
’ T h e m v e r s i t y  of  Chicago, September 1965. 1 
E. c o l i ,  prepared i n  t h e  Department of  Biophysics,  I 
8. R. Haselkorn, H. FernAndez-Morh, F.J.  Kieras, and :. 
E.F.J. van Bruggen, Elec t ron  Microscopic and Biochemical 1 
a. 
, I  
Charac ter iza t ion  of F rac t ion  I P r o t e i n ,  prepared i n  the 
Department of Biophysics of the University of Chicago, 
September, 1965. 
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LUSTER i s  a sounding rocket  program es t ab l i shed  t o  c o l l e o t  
ma te r i a l s  bel ieved to  have a luna r  o r i g i n  from t h e  o u t e r  
f r i n g e  of the  e a r t h ' s  atmosphere f o r  l abora to ry  a n a l y s i s .  
. . 
I 
I D, 
' 
5 
r 
.. . . .  
, .  
' ,  , ., . . 
. . .  
I 
, .  P a r t i c i p a t i o n  i n  the "Luster" Sounding Rocket 
Experiment t o  Sample Lunar &st near  t h e  ba r th .  (November,' . 
1965). 
__ ~ 
can be readily dissembled and dismantled with few 
manipulations under clean room and even high vacuum 
conditions. 
device for implacement of several hundred specimen 
holders coated with ultra-thin (100-300 A )  carbon, 
Formvar, silicon oxide, and other types of substrates. 
'In addition to this, larger surfaces of freshly cleaved 
single-crystal mica, which provide atomically smooth 
surfaces, plastic sl ides  and related colleoting sur- 
fame suitable for electron optical studies are Included. ' 
They provide secure attachment with a novel 
' 
. .  metala and hard materials, it has been poesible during 
. .  . .  
. .  
. .  
. :. 
' .  
. .  
. . , .  . .  
I .  
. .  _ .  
, ' . .  , 
Three identical containers and specimen substrate assem- 
blies were prepared for the LUSTER project micrometeoroid 
sampling flight scheduled for November, 1965, to provide 
independent contamination control at the different site8 
of the experiment: Ames Research Center, the rocket- 
launching site, and the electron microscope clean room 
laboratorg at the University of Chicago, where the 
actual payload specimens are to be examined immediately 
after recovery. These special containers and enclosures 
were designed and constructed in close collaboration 
with Mr. L. Ouwerkerk, Mr. 'John Hanacek, Mr. H. Krebs, , 
Mr. G. Gibson, and Mr. Akerhaugen of the Biophysics 
Laboratories and workshops in our Research Institutes. 
It should be noted that the Metal Workshop of the 
Research Institutes is particularly well-equipped for 
this type of work and has had considerable experience In 
similar types of experiments conducted by Dr. John 
Simpson and his colleagues of the Enrico Fermi Institute 
for Nuclear Studies here at the University. 
Based on the interesting observations reported by 
C.L. Hemenway and R.K. Sobeman in their paper ("Studies 
of Micrometeorites Obtained from a Recoverable Sounding 
Rockets, " in the Astronomical Journal, V o l .  a, No. 5. 
June, 1952, page 256) we have introduced a sampling s l i d e  
of lucite. In their report, Dr.s Hemenway and Soberman \ 
indicate that '' micrometeorite particles were found to be ' 
sufficiently embedded in the lucite that we were unable 
to remove them from the substrate." This is an important 
observation since most of the p-articles are kger than a 
few microns and hence impenetrable to the electron beam 
and inadequte for electron microscopy. It was,therefore, 
necessary in previous experiments to bombard the micro- 
meteorite particles with an intense electron beam to eva- 
porate the constituent material which recondenses near 
the particle. In order to avoid this destructive and 
rather inadequate mode of analysis we propose to actually 
prepare serial ultrathin sections f100-200 A thick) of the 
particles embedded in the lucikby using the special dla- . 
mond M f e  and s ecial ultramicrotome developed by 
Fernandez-Moran P 1953-55). 
, .  -.. , 
. .  
. .  .. . . . - .  : , . .  . .  . .. ' .  . . . .  
., . 
. . I  6 . -  
. .  . .  
, .  
. .  . . .  9 
b 
- 
[ . - .  . the past ten years for a number of investigators - - -  ( :e .g. - :  L. Reimer, 'I The Thin Section Method in 
, . , .. 
. ' I  . . .  , 
, ' !  
. .  
. .  
. .  
. .  
I 
Metalographic Investigation with the Electron 
Microscope," Z. Metallkunde, 50, 3, 1959 A; Z. 
Metallkunde, 50, 606, 1959 D; Fernandez-Moran, H., 
"Applications of aiamond Knife for Ultrathin Sectionit;fg 
of the Fine Structure of Biological Tissues and Metals, 
Journal Biophys. and Biochem, Cytology, 2, Supplement, 
pg, 29, 1956) to carry out routinely ultrathin sectioning 
of hard materials and metals  whioh are suitable  f o r  
hlgh resolution electron microscopy and electron diffraction. 
We therefore believe that the addition of a lucite slide 
would make it possible to collect the hard micrometeorite 
particles in sufficient numbers and under favorable condi- 
tions for subsequent examination by ultrathin sectioning 
ushg the electron microscope and electron diffraction. 
If this approach should prove successf'ul it would represent 
a distinct improvement over the electron bombardment 
techniques used previously and thus give us more information 
on the structure and composition of the micrometeorite 
particles and other extraterrestrial materials. 
, 
We have embarked on this project with great interest in 
collaboration with our colleagues and with a prospective 
graduate student. 
experience in the sampling and examination of extra- 
terrestrial matexial in addition to contributing 
potantially significant information on the composition 
of lunar dust. 
jected experiments, we anticipate that all of the pre- 
parations that have been made here in the clean room 
iaboratork s, specially designed for this purpose, 
will now become of critical importance. In addition, we 
are requesting continued support in order to make the 
special uittrahigh vacuum hydrocarbon-free chambers for 
preparation of thin samples, as well as for the design of 
special containers and container transfer systems which 
would make it possible to transfer the specimens from the 
high vacuum transfer containers.to the electron micro- 
It would give us indispensable 
In view of the continuing nature of the pro- 
'., 
scope without the possibility of additional contamination. 
In general, the problem of ellmination of contamination I s  
of critical Importance in any in5estigation of this type, 
We feel that we are particularly well-equipped f o r  this 
type of work and hope for continued support for these . .  
endeavor8 . 
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AVAILABLE FACILITIES: 
I .  
1 The proposed research and training program will be carried 
out in the special laboratory facility for high resolution electron 
microscopy recently completed in the Research Institutes of the 
University of Chicago with funds provided by the University of 
Chicago (approximately $25O,OOO), NASA Grant NsG 441-63, NIH 
Grant B-2460, and NIH Grant NB 04267, and AEC Contract AT 30-1- 
2278. (Estimated total cost of facilities: $750,000). 
These laboratories occupy a total of about 4,000 square 
feet and comprise: 5 high resolution electron microscopes installed 
on individual vibration control bases, provided with a special 
highly regulated power su ply (located in a special, separated 
air-conditioned enclosurep. This 50-kilowatt motor generator set, 
specially designed and manufactured by Westinghouse Corporation is 
equipped with a new solid state regulator, giving better than 0.1 % 
voltage stability and very low harmonic distortion. The laboratory 
facilities also include ultrahigh vacuum Varian evaporation units, 
4 ultramicrotomes, special cryogenic facilities for low-temperature 
ultramicrotomy, light microscopes, and complete preparation and 
photographic darkroom facilities. Adjoining laboratories include 
additional electron diffraction and x-ray diffraction facilities, 
one of which is provided for low-temperature x-ray diffraction. 
During the past year, we have completed the organization, testing 
* and operath of the electron microscope laboratories and expanded 
our faci4ities into rooms 2O3B, 205, and 207 for adjacent laboratory ' 
space. Plans are now laid f o r  renovation and construction in 
Room 20 in the basement of the Research Institutes. This'room is 
to be used for the isolated microscope installation and will include 
a ten-ton concrete block set off from the foundation of the 
building by Korfund type USD v ib ro  isolators, designed especially 
for this purpose..by Mr. Jack Harris of Korfund. 
procede with our construction of special air' conditioning, with 
ventillation system from the adjoining central air conditioning 
room, preparation of the pit for the special foundation, followed 
by floor and acoustical installation to complete the isolation of 
this room from the normal dust and vibrations of the building 
atmosphere. Provisions will also be made for installation of the 
special trolley crane to be provided for lifting the heavy components 
of the microscope. 
This research unit is probably the only existing electron 
microscope facility which is especially equipped to operate under 
"clean room" conditions. High resolution electron microscopy can 
be carried out under ideal conditions, independent of ambient 
conditions , preactically-_o_n a 24-hour basis. This stands in 
contrast to the vast majority-of'-electron microscopy installations 
We are ready to 
a .  
- -- 
-I - -  which- are constantly sub ject-to random and environmental perturbation 
(line voltage fluctuations, etc.). 
research unit close to the low-temperature facilities, the new 
laboratory for Computer Research and the Enrico Fermi Institute for 
Nuclear Studies is of key value for the contemplated research and 
training program. Under such favorable conditions this unit could 
develop gradually as the nucleus of a larggr national and inter- 
national research and training center for high resolution electron 
microscopy and molecular biology, (See accompanying Annual Progress 
Report) 
Favorable location of the 
r 
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